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THE EFFECTS OF EXOGENOUS SUBSTRATE ON THE METABO-
LISM OF PHOSPHORYLCHOLINE AND PHOSPHORYL-
ETHANOLAMINE BY SKIN*
S. A. CARNEY, PH.D., A.R.I.C., J. C. LAWRENCE, PH.D. AND
C. R. RICKETTS, D.Sc.
Yardley and Godfrey (1) found that when skin
was maintained in tissue culture for 6 hours with-
out exogenous substrate there was greatly reduced
incorporation of °P into all phosphate esters nor-
mally present, with two exceptions. These were
phosphorylethanolamine which was labelled to the
usual extent, and phosphoryicholine which was la-
belled more heavily than usual. They concluded
that the accumulation of these compounds pointed
to incomplete operation of the phospholipid cycle(2) resulting in the availability of fatty acids for
use as endogenous substrate.
EXPERIMENTAL
Using the methods of Brooks, Lawrence and
Ricketts (3) skin was maintained on various su-
gars, the respiration was measured and the phos-
phate esters were examined. Phosphate esters were
separated by chromatography on paper. Using a
Geiger counter for liquids, radioactivity measure-
ments were made on cut-out portions of the chro-
matograms dissolved in 1 ml of a mixture of equal
volumes of perchloric and sulphuric acids which
was then diluted with 9.5 ml water.
RESULTS
Table I shows the percentage of the radioactivity
of all phosphate esters attributable to phosphoryl-
choline plus phosphorylethanolamine. On isomal-
tose, D-arabinose and L-arabinose, skin cells
showed lower than normal respiration and in-
creased incorporation of HP into these two phos-
phate esters. Skin is known to contain a maltase
(4). It was found (5) that maltose permitted full
respiration of skin cells but incorporation of HP
into phosphoryleholine and phosphorylethanola-
mine was somewhat increased.
Cruickshank, Trotter and Copper (6) and Gil-
bert (7) have shown that in the absence of exoge-
nous substrate, lipid makes the major contribution
(70%) to the endogenous respiration, while pro-
tein accounts for 25% and glycogen 3%. Although
normal respiration was maintained when the exoge-
nous substrate was maltose, the elevated labelling
of phosphoryleholine and phosphorylethanolamine
suggests that lipid was making a larger than nor-
TABLE I
Incorporation of ['2P] orthophosphate into phos-
phoryicholine and phosphorylethanolanjine by
skin maintained on various sugars as substrate
Respiration after 24 hours' incubation at 37°C.
is expressed as a percentage of the initial rate
during a 2 hour control period. In the absence of
substrate a figure of 33% is obtained. Respiration
data are quoted from Carney, Lawrence &
Ricketts (1962).
mal contribution. Maintenance of skin on sub-
strates inadequate for full respiration results in
phosphorylcholine and phosphorylethanolamine
becoming heavily labelled with Hp• There are sev-
eral possible explanations for this phenomenon. It
is unlikely that these compounds are not formed
in skin maintained on glucose since it has been
shown (8) that the phospholipid fraction of such
skin can be °2P labelled. It is more likely that when
a suitable exogenous substrate is available phos-
phorylcholine and phosphorylethanolamine are
used in the synthesis of phospholipids at a rate
almost equal to their rate of production. Choline
and ethanolamine can be directly phosphorylated
by adenosine triphosphate in liver, brain, kidney
and intestine (9). Since this phosphorylation ap-
Radio-
activity of
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counts/mm.
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228 10.32,514
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199
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420
648
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parently proceeds unhindered, it is probable that
shortage of A.T.P. is not directly responsible for
failure of synthesis. However, the incorporation of
P into phospholipids in cell-free, particulate
preparations of rat liver is dependent on oxidative
phosphorylation (10) and this may also be the case
in skin. Failure of phospholipid synthesis would
make fatty acids available as endogenous sub-
strate, as suggested by Yardley and Godfrey (1).
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